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 New colloid preparations: Cu/PVP(y)
 
 Sample  Cu reagent  Polymer     Solvent / reducing agent   Size / nm
 1 CuSO4•5H2  O  PVP40   EG / NaH2PO2•H2  O  7.23±2.81
 2  CuSO4  PVP40   EG / NaH2  PO2  7.03±1.91
 3 CuSO4•5H2  O  PVP29   EG / NaH2PO2•H2  O  5.19±1.02
 4  Cu(OAc)2  PVP29    EtOH / NaBH4  2.50±0.54
5a  Cu(OAc)2  PVP29    EtOH / NaBH4  3.19±0.86
 6  Cu(OAc)2  PVP29  THF / N2  H4  4.14±0.77
7a  CuCl2  PVP29   EtOH / NaBH4  3.35±0.92
 8  CuCl2  PVP29  THF / N2  H4  5.02±0.87
9a  CuSO4  PVP29    EtOH / NaBH4  4.42±0.99
 10  CuSO4  PVP29    EtOH / NaBH4  8.91±3.41
 11  CuSO4  PVP29   EG / NaH2  PO2  5.02±0.99
 12  CuSO4  PVPy60   EG / NaH2  PO2  2.58±0.60
aHeat to reflux 
  Weak reducing agents: Cu/PVP29
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Sample Cu reagent Solvent / reducing agent MPS / nm
13a Cu(OAc)2 THF / NaBH4 (in EtOH) 2.42±0.48
14a Cu(OAc)2 1:1 THF:EtOH / NaBH4 4.34±0.68
15 Cu(OAc)2 THF / NaBH4 (in EtOH) 2.48±0.40
16a Cu(OAc)2 THF / N2H4 8.03±1.34
17 Cu(OAc)2 THF / N2H4 2.97±0.78
18a CuCl2 THF / NaBH4 (in EtOH) 3.01±0.34
19a CuCl2 1:1 THF:EtOH / NaBH4 3.96±0.56
20a CuCl2 THF / N2H4 8.94±1.45
21a CuSO4 THF / NaBH4 (in EtOH) 3.54±0.74
aHeat to reflux 
  Colloid preparation 17: Cu/PMMA
 
  30 nm
 6 nm
 Colloid preparation: CuZn
 
 Sample  Composition Cu reagent Polymer     Solvent / reducing agent    MPS / nm
 3  Cu CuSO4•5H2O  PVP29   EG / NaH2PO2•H2  O  5.19±1.02
 22   25:75 CuZn CuSO4•5H2O  PVP29   EG / NaH2PO2•H2  O  6.11±1.66
 23   50:50 CuZn CuSO4•5H2O  PVP29   EG / NaH2PO2•H2  O  4.66±0.69
 24  75:25CuZn CuSO4•5H2O  PVP29   EG / NaH2PO2•H2  O  4.55±1.09
 11  Cu  CuSO4  PVP29   EG / NaH2  PO2  5.02±0.99
 25   25:75 CuZn  CuSO4  PVP29   EG / NaH2  PO2  4.97±0.96
 26   50:50 CuZn  CuSO4  PVP29   EG / NaH2  PO2  4.88±1.07
 27  75:25CuZn  CuSO4  PVP29  EG / NaH2  PO2  5.10±1.38
 12  Cu  CuSO4  PVPy60   EG / NaH2  PO2  2.58±0.60
 28   25:75 CuZn  CuSO4  PVPy60   EG / NaH2  PO2  4.21±1.57
 29   50:50 CuZn  CuSO4  PVPy60   EG / NaH2  PO2  3.95±2.06
 30  75:25CuZn  CuSO4  PVPy60   EG / NaH2  PO2  2.91±1.36
 Sample 23
 Colloid preparation: CuZn
 
 Sample  Composition Cu reagent Polymer     Solvent / reducing agent    MPS / nm
 3(pav52)  Cu CuSO4•5H2O  PVP29   EG / NaH2PO2•H2  O  5.19±1.02
 22   25:75 CuZn CuSO4•5H2O  PVP29   EG / NaH2PO2•H2  O  6.11±1.66
 23   50:50 CuZn CuSO4•5H2O  PVP29   EG / NaH2PO2•H2  O  4.66±0.69
 24  75:25CuZn CuSO4•5H2O  PVP29   EG / NaH2PO2•H2  O  4.55±1.09
 11  Cu  CuSO4  PVP29   EG / NaH2  PO2  5.02±0.99
 25   25:75 CuZn  CuSO4  PVP29   EG / NaH2  PO2  4.97±0.96
 26   50:50 CuZn  CuSO4  PVP29   EG / NaH2  PO2  4.88±1.07
 27  75:25CuZn  CuSO4  PVP29  EG / NaH2  PO2  5.10±1.38
 12  Cu  CuSO4  PVPy60   EG / NaH2  PO2  2.58±0.60
 28   25:75 CuZn  CuSO4  PVPy60   EG / NaH2  PO2  4.21±1.57
 29   50:50 CuZn  CuSO4  PVPy60   EG / NaH2  PO2  3.95±2.06
 30  75:25CuZn  CuSO4  PVPy60   EG / NaH2  PO2  2.91±1.36
Sample 30 Sample 29 Sample 28 
   Case study: 1,2,3-triazole synthesis
 
   Case study: 1,2,3-triazole synthesis
 
 Catalyst  Composition    T / ºC    t / h    3 / %a 
 1  Cu  rt  7  94
 
 2  Cu  rt  10 
  81b
 4  Cu  rt  7  56
 
 4  Cu  rt  24  100 (98)
 
4c
   Cu  rt  24  94
 
6c  Cu  rt  24  100 (98)
 
6c
   Cu  rt  24  96
 
 23   50:50 CuZn  rt  7  98
 
 24  75:25CuZn  rt  7  91
 
 11  Cu  rt  7  60	 
 11  Cu	  rt  24  80
 
11c   Cu  rt  7  46
 11c  Cu  rt  24  48
26c   50:50 CuZn  rt  7  100 (99)
 Catalyst  Composition   T / ºC    t / h 
    3 / %a
 12 Cu  rt  7  16
 
 12 Cu  reflux  2  100
 
12c   25:75 CuZn  rt  24  14
 
28c   25:75 CuZn  reflux  7  100
 
29c   50:50 CuZn  rt  7  3
 
29c   50:50 CuZn  reflux  2  100
 
30c  75:25CuZn  rt  7  5
 
30c  75:25CuZn  reflux  2  100
 
Catalyst  Composition    T / ºC    t / h 
    5 / %a
6c 
 Cu  rt  18  0
 
6c Cu  reflux  6 100 (98) 
 
26c   50:50 CuZn  rt  16  10
 
26c   50:50 CuZn  reflux  6 100 (98) 
 
a  Determined from the GLC peak area, isolated yields in parentheses; b19% alkyne homocoupling also observed; cAr atmosphere 
   Case study: 1,2,3-triazole synthesis
 
 Catalyst  Composition  Conditions    T / °C    t / h    3 / %    6 / %    7 / %
 1  Cu  rt  24  34  32  34
 23   50:50 CuZn
    Catalyst stirred in air for 12 h 
 rt  24  39  33  26
 prior to reaction in air
 2
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Case study: 1,2,3-triazole synthesis
 
Catalyst Composition Conditions T / °C t / h 3 / % 6 / % 7 / % 8 / %
1 Cu rt 24 34 32 34 -
23 50:50 CuZn
Catalyst stirred in air for 12 h 
rt 24 39 33 26 -
prior to reaction in air
2 Cu rt 24 13 77 10 -
1 Cu rt 24 10 81 9 -
23 50:50 CuZn Reaction in air rt 3 40 - - -
23 50:50 CuZn rt 24 40 - - -
2a Cu Reaction under Ar rt 16 63 (77) 23 14 -
2b Cu Reaction in air rt 24 - - - -
2b Cu Catalyst stirred in air for 2 h rt 24 32 57 - 3
2b Cu prior to reaction in air reflux 24 32 57 - 3
2 Cu Catalyst stirred in air for 1 h reflux 3 88 10 - 2
2 Cu prior to reaction in air reflux 24 88 10 - 2
2b Cu
Catalyst stirred in air for 1 h 
reflux 24 72 16 - -
prior to reaction in air
1b Cu rt 24 29 58 - -
Reaction in air
1b Cu reflux 24 79 5 - -
aYield of 3 after subsequent addition of 1 eq. 2 (wrt BnBr) given in parentheses; bUse 2 eq. 2 
  
 
 
 
Conclusions: triazole synthesis
 Cu and CuZn NPs have been prepared in the range 3-9 nm 
 PVP and PVPy allow formation of Cu2O and ZnO segregation 
 PMMA samples resist oxidation for up to 2 weeks 
 As-prepared NPs efficiently catalyze the multicomponent 1,3-dipolar synthesis of 
1,2,3-triazoles  
 PMMA samples are inactive at rt 
 PVPy samples show limited activity at rt 
 PVP samples were highly active at rt… 
 …and allow use of a less reactive alkyl iodide at reflux 
 Very low catalyst loadings allowed for PVP samples 
  
 
 
 
 Future directions
 
Colloid synthesis and characterization
 Improve and modulate composition/mean particle size 
 Further develop oxidative stability 
 Investigate capping agent(s) by MTGA 
 Analyze bimetallic colloids (in particular by EXAFS) 
 Enhance MPS for PMMA-coated samples 
Colloid applications
 Extend range of 1,2,3-triazole synthesis 
 Immobilise catalysts (C, TiO2…) 
 Catalyst recyclability and recovery 
 Other organic synthesis 
 Sensor applications? 
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